Crassulacean acid metabolism (CAM) was examined under natural environmental conditions in the succulent C4 dicot Portulaca okracea L. Two groups of plants were monitored; one was watered daily (well watered), while the other received water once every 3 to 4 weeks to produce a * of -8 bars (drought stressed). Gas exchange, transpiration rate, and titratable acidity were measured for 24-hour periods during the growing season.
CAM activity was greatest in drought-stressed plants during late August which had 13 hour days and day/night temperatures of 35/15°C. Under these conditions net CO2 uptake occurred slowly throughout the night. Diurnal fluctuations of titratable acidity took place in both leaves and stems with amplitudes of 17 and 47 microequivalents per gram fresh weight, respectively. Transpiration data indicated greater opening of stomata during the night than the day. CAM was less pronounced in droughtstressed P. oeracea plants in July and September, neither dark CO2 uptake nor positive carbon balance occurred during the July measurements. In contrast, well-watered plants appeared to rely on C4 photosynthesis throughout the season, although some acid fluctuations occurred in stems of these plants during September.
To determine the fate of the CO2 assimilated at night in droughtstressed Portulaca plants, exposure to 'CO2 during the night followed by 9 hours of ambient air in the light. Malate was the predominant compound labeled during the night, with some citrate and aspartate. No 14CO2 release was detected during the following day and by midafternoon the majority of the label was found in the insoluble fraction (predominantly starch). These results substantiate our earlier work with growth-chamber-grown plants and show that limited CAM activity can occur in the succulent C4 dicot Portukaa oeracea L. under certain natural environmental conditions.
Portulaca oleracea is the only C4 species currently known to express CAM characteristics (10) although shifts from C3 to CAM occur in a number of succulents (13, 26, 27, 28) . In earlier studies, P. oleracea plants were shown to utilize the C4 pathway of carbon fixation (9) and that products of photosynthesis were effected by NaCl (7, 8) . We have also found this species to exhibit diurnal acid fluctuations typical of CAM when subjected to drought stress under 8-h exchange measurements showed limited CO2 assimilation in the light and slow uptake in the dark.
During the normal CAM photosynthesis, night CO2 uptake should account for a major portion of the carbon assimilated and be utilized for photosynthesis in the light. In our earlier experiments (10) , relatively large portions of CO2 were released at the start of each light period as commonly occurs in CAM plants grown in growth chambers (1, 4, 6) . Because of this it was difficult to determine the importance of the nighttime CO2 uptake to the overall carbon economy of drought-stressed Portulaca plants. We were also interested in whether endogenous CO2 was recycled in P. oleracea, as observed in Portulacaria (5), a different succulent genus in the same family.
There are several differences between controlled environment conditions and those in the field that might affect the expression of CAM. First, outdoors, more gradual changes in temperature and light intensity could result in different pattems of CO2 exchange. Second, Portulaca plants grown outdoors are typically much larger than those grown in growth chambers and the thicker stem tissues could influence the CAM activity of the whole plant. Irradiance is also much greater under natural conditions, which could affect the photosynthesis or carbohydrate reserves. Another consideration is the interaction between plant age and daily changes in photoperiod and temperature which occur under field conditions. Because of these differences, we were interested in determining if CAM activity occurs in P. oleracea under natural environmental conditions and, if so, its significance.
MATERIALS AND METHODS
Three-week-old seedlings of P. oleracea L. were transplanted to clay pots and separated into four groups. The first two groups were grown in growth chambers as described previously (10), with 9-or 16-h photoperiods. The remaining plants were placed outdoors in early June; one-half was watered daily and the pots surrounded with sphagnum to minimie soil drying (well-watered plants), while the other group of plants (drought stressed) were shielded from rain by moveable glass frames and watered at 3-to 4-week intervals. Under these conditions, a I of -8 bars was maintained for extended periods of time (10) .
Daily maximum and minimum temperatures were recorded during the 4-month growing period (Fig. 1) to show both the growth conditions of field-grown plants and when periods favorable for CAM typically occur in the natural environment. Frequent measurements were made during the course of the 24-h experiments.
Gas exchange and transpiration measurements were conducted in the laboratory with an IR gas analyzer and humidity sensor as described previously (11) . Leaf resistances were calculated from temperature and transpiration data (20) . Light and temperature changes which occurred outdoors throughout each experimental period were simulated in the laboratory by frequent adjustment of light intensity and temperature (11 Plants recovered after watering and were examined 4 weeks later after a second drought period.
|=i _--1---CAM was greatest in drought-stressed P. oleracea during August as seen by acid fluctuations and net CO2 uptake in the dark (Fig.   2B ). Diurnal variations in acid levels occurred in both stems and leaves, and fluctuations accounted for 47 and 17 yIeq g-' fresh weight, respectively. The former is within the 30 to 300 peq g-' ----------r fresh weight range observed for CAM plants (24) , and is similar to fluctuations recorded under drought conditions in another member of the Portulaca family, Portulacaria afra (65 Aeq g-' fresh weight) (26) , in Echeveria (51 ,teq g-' fresh weight) (14) , and Auqust f;eptemb( several Opuntia species (11, 22) . In the present study, maximum acidity was reached in stems by early morning, while leaves continued to acidify until early afternoon. (25) . h, but carbon losses may Even in September, when acid fluctuations became CAM-like First, the photoperiod in in stems of well-watered plants, whole-plant gas exchange meale in a previous study, we surements indicated that C4 photosynthesis predominated ( Tops of bars represent maximum morning acid levels, the bottoms of bars indicate minimum late-day levels leaves (X) and stems (a). (10) and with other reports of short-day effects on CAM (18) . These changes in acid levels also occurred without prior drought stress, but the involvement of plant age (6) and/or temperature cannot be discounted (4, 13, 16) . Acid fluctuations of drought-stressed Portulaca plants grown outdoors were compared to those grown under controlled environmental conditions (Fig. 3) . In field-grown plants, acid fluctuations were greater in stems than in leaves, while the reverse occurred in growth-chamber grown plants. The The distribution of "C after an 11-h exposure to "CO2 is shown in Table I . At the end of the dark period, leaves and stems contained 66 and 34% of the total label, respectively, indicating that both tissues were able to accumulate 14C assimilates at night.
However, it is not clear whether this involved the movement of 14C from one tissue to another. In addition, distribution of total acid levels measured the preceding night was the reverse; stem tissues had greater total titratable acid than leaves at the end of nighttime CO2 assimilation (Fig. 2E) 
